ABSTRACT In small-cell lung cancer (SCLC), the role of chemotherapy and radiotherapy is well established. Large-cell neuroendocrine carcinoma (LCNEC) shares several clinicopathological features with SCLC, but its optimal therapy is not defined. We evaluated clinical response and survival outcomes of advanced LCNEC treated in first-line therapy compared with SCLC.
Introduction
Neuroendocrine tumours (NETs) are a heterogeneous group of neoplasms that arise from cells of the neuroendocrine system. Pulmonary NETs represent approximately 20% of all lung cancers and show a spectrum of histology, clinical profiles and biological behaviours that range from low-grade and relatively indolent carcinoids (typical and atypical carcinoids) to aggressive high-grade neuroendocrine carcinomas (HGNECs), including large-cell neuroendocrine carcinomas (LCNECs) and small-cell lung cancer (SCLC) [1, 2] .
SCLC is the most frequent lung NET, representing approximately 15% of lung cancers, while LCNEC accounts for about 3% of all primary lung cancers [3] . LCNEC was first included into the World Health Organization (WHO) classification of lung cancer in 2004 as a variant of large-cell carcinoma [4] . In the 2015 WHO classification, this tumour is no longer classified under large-cell carcinomas, but in a group of neuroendocrine neoplasms including SCLC, typical carcinoids and atypical carcinoids [5] .
LCNEC and SCLC shares several clinico-pathological features, including aggressive clinical behaviour, poor prognosis, predominance in males, strong link to smoking and some histological features [6, 7] . In addition, LCNEC and SCLC have common genetic alterations and neuroendocrine gene expression [8, 9] .
Because of the rarity and complex histopathological characteristics of LCNEC, its optimal therapeutic management has not yet been defined and it remains uncertain whether LCNEC patients should be treated according to non-small cell lung cancer (NSCLC)-based or SCLC-based regimes [6] . The international guidelines [10, 11] recommend that the treatment management of LCNEC should follow the NSCLC algorithm. However, they report that chemotherapy regimens commonly used for SCLC may represent the most reasonable treatment option on the basis of several clinical trials [7, [12] [13] [14] .
Some trials have reported that LCNEC responds to cisplatin-based chemotherapeutic regimens similar to those used for SCLC [13] [14] [15] , while others have separated chemotherapy regimens into NSCLC-type and SCLC-type, demonstrating a difference in survival, and favouring SCLC-type chemotherapy [7, 12] . These different responses may be based on the overexpression of different driver genes (topoisomerase II, somatostatin, ERCC1) compared with adenocarcinoma, which leads to a more favourable response to SCLC treatment with etoposide and octreotide, and resistance to NSCLC regimens [16] .
Regarding the role of radiotherapy in HGNEC, in limited-stage SCLC (LS-SCLC), thoracic radiotherapy (TRT) concurrent with chemotherapy and prophylactic cranial irradiation (PCI) is recommended [10] . Consolidative TRT is beneficial for selected patients with extensive-stage SCLC (ES-SCLC) who respond to chemotherapy, in terms of the reduction of symptoms, control of chest recurrences and improvement in long-term survival [10, [17] [18] [19] . PCI in patients with ES-SCLC reduces the incidence of brain metastasis, but the impact on overall survival is controversial [20, 21] . The role of TRT and PCI in local or advanced LCNEC remains undefined [6, 22, 23] .
The aim of this retrospective study is to report our experience in the treatment of HGNEC and, in particular, to evaluate the effectiveness of the combination of cisplatin and etoposide as first-line therapy in LCNEC, with or without TRT and PCI, compared to SCLC.
Materials and methods

Study population
This retrospective study was approved by the Institutional Review Board of Policlinico Umberto I, Sapienza University of Rome. From the database of Dept of Oncology Unit A, we performed a retrospective analysis of adult patients affected by ES-SCLC and advanced (stage IIIA-IIIB) or metastatic (stage IV) LCNEC of the lung, treated with a combination of cisplatin and etoposide as first-line therapy, with or without sequential TRT and PCI. The extensive stage of SCLC included distant metastases (stage IV) or T3-T4 (stage III) due to multiple lung nodules that are too extensive or do not fit in a tolerable radiation field. For all patients, diagnosis was established histologically using WHO criteria, and radiologically by total body computed tomography (TB CT) scan.
Clinical data included patients' characteristics (sex, age, performance status, smoking history), tumour characteristics (histotype, clinical stage at diagnosis and pre-treatment, site of disease, brain metastasis) and treatment information (surgery at diagnosis, type of surgery, median cycles, TRT, PCI, next lines of chemotherapy).
Treatment plan
All patients included in the analysis underwent first-line therapy with a combination of cisplatin 75 mg·m −2 at day 1 and etoposide 100 mg·m −2 on days 1-3 every 3 weeks, with or without sequential TRT and PCI. TRT was delivered to a dose of 60 Gy in 10 fractions after six cycles of chemotherapy, and PCI was administered with a total dose of 25 Gy in 10 fractions.
Response evaluation All patients were followed clinically by a multidisciplinary team. Radiological tumour assessment was performed by TB CT at baseline and after the first three cycles of chemotherapy, and then every two cycles or whenever progression of disease was clinically suspected. Tumour response was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1 [24] as complete (CR) and partial (PR) response, stable (SD) and progression (PD) of disease. Response rate (RR) was defined as the sum of CR and PR, while disease control rate (DCR) was defined as the sum of CR, PR and SD. Diagnosis of recurrence was determined by TB CT scan, or cerebral magnetic resonance imaging (MRI) in the case of suspected brain metastasis.
Statistical analysis
Survival analysis was conducted on the efficacy of first-line chemotherapy with the combination of cisplatin and etoposide in HGNEC of the lung, in particular LCNEC compared to SCLC, in terms of median progression-free survival (mPFS) and overall survival (mOS), 6 months and 12 months PFS (PFS-6, PFS-1y) and OS (OS-6, OS-1y) from the start of chemotherapy.
Survival analysis was also conducted on the efficacy of TRT and PCI both in SCLC and LCNEC and different survival based on disease localisation (thoracic or extrathoracic).
PFS was measured from the first chemotherapy administration to diagnosis of PD (evidenced by TB CT scan) or to death, or to last follow-up assessment. OS was measured from the first chemotherapy administration to death or last follow-up.
Median PFS and OS were estimated with their 95% confidence interval (CI). Survival curves of PFS and OS were generated using the Kaplan-Meier method [25] . Differences in PFS and OS were evaluated using the log-rank test (Mantel-Cox) for statistical significance, which was defined at the p<0.05 level [25] . Most patients were male (64%) and had a smoking history (89%). The median age was 64 years (range 40-80) and the median PS was 0. All patients had a histological diagnosis of HGNEC, 44 patients were affected by ES-SCLC (n=44, 61%) and 28 patients were affected by advanced (stage IIIA-IIIB) or metastatic (stage IV) LCNEC of the lung (n=28, 9%). The disease localisation was intrathoracic in 51.4% of patients.
Results
Patient characteristics
All patients received combination chemotherapy with cisplatin and etoposide as first-line treatment, while 36.1% of patients were treated with sequential TRT and 29.2% of patients with PCI. All patients received at least three administrations of cisplatin-etoposide. The median number of cycles administered was six (range 3-8). After progressive disease, 45.8% of patients underwent further lines of chemotherapy: 33 patients (45.8%) underwent a second-line chemotherapy and 9 patients (12.5%) up to a third-line therapy.
Treatment response (activity)
All patients included in the study were assessable for response analysis (table 2) . Among the 28 patients with LCNEC, 2 patients had a CR (7.1%), 16 patients achieved PR (57.1%) and 5 patients SD (17.9%) with a RR of 64.2% and a DCR of 82.1%. Five patients (17.9%) experienced PD.
Among the 44 patients with SCLC, 1 patient had a CR (2.3%), 25 patients achieved PR (56.8%) and 13 patients SD (29.5%), with a RR of 59.1% and a DCR of 88.6%. Five patients (11.4%) experienced PD.
Efficacy evaluation
From statistical analysis, LCNEC presented similar values of DCR, mPFS and mOS as SCLC (figure 1). The mPFS was 7.4 months (95% CI 4.7-10.1) for LCNEC and 6.1 months (95% CI 4.9-7.3) for SCLC, with a PFS-6 of 53.6 and 52.3 months, respectively. The mOS was 10.4 months (95% CI 7.3-13.5) for LCNEC and 10.9 months (95% CI 6-15.8) for SCLC. The results are summarised in table 2.
Activity according to sequential thoracic radiotherapy
The subgroup analysis of 26 HGNEC patients (16 SCLC and 10 LCNEC) that completed chemotherapy (indicated by "CT" in table 3), with sequential TRT after six cycles of chemotherapy, showed longer survival (figure 1), with a mOS of 34 months (95% CI 25.7-42.3 months) versus 7.8 months (95% CI 5.3-10.3 months) in patients that did not received TRT (reaching statistical significance, p=0.0001). Statistical significance is reached for mPFS and mOS both for LCNEC and SCLC (table 3) . Among LCNEC patients, those treated with chemotherapy and sequential TRT experienced higher mPFS (12.5 versus 5 months, p=0.02) and mOS (28.3 versus 5, p=0.004). Also, SCLC patients treated with chemotherapy and sequential TRT showed higher mPFS (9.5 versus 4.6 months, p=0.0001) and mOS (34.3 versus 8.1, p=0.0001) ( figure 2 and table 3 ).
Activity according to PCI
The subgroup analysis of 21 patients (17 SCLC and 4 LCNEC) that were treated with PCI after first-line chemotherapy showed longer survival (figure 1), with a mOS of 34 months (95% CI 32.4-35.6 months) versus 8.6 months (95% CI 6.2-11 months) in patients that did not received PCI (reaching statistical significance, p=0.001). Statistical significance in terms of mPFS and mOS is reached only for SCLC (table 3) . Among LCNEC patients, those treated with PCI experienced higher mPFS (20.5 versus 6.4 months) and mOS (33.4 versus 8.6 months) without reaching statistical significance ( p=0.09 and p=0.05 respectively). SCLC patients treated with PCI showed higher mPFS (8.6 versus 4.6 months) and mOS (34 versus 8.4 months), reaching statistical significance (both p=0.0001) ( figure 3 and table 3 ). Activity according to disease localisation Advanced or metastatic LCNEC patients with intrathoracic disease showed higher mPFS (10.8 versus 5.1 months) and mOS (13.3 versus 8 months) compared to those with extrathoracic disease, reaching statistical significance ( p=0.02 and p=0.04, respectively). Also, ES-SCLC patients with intrathoracic disease had higher mPFS (7.8 versus 4.9 months) and mOS (15.4 versus 8.4 months), but without reaching statistical significance (both p=0.06). 
Activity according to stage in SCLC
Discussion
LCNEC of the lung is a rare neuroendocrine pulmonary tumour that shares several clinicopathological and genetic features with SCLC [6] [7] [8] [9] . Because of its rarity and complex histopathology, there is no consensus on the standard treatment for advanced LCNEC, especially regarding the use of NSCLC-based or SCLC-based chemotherapy [6] . Although the international guidelines [10, 11] recommend the NSCLC algorithm, several clinical trials have reported interesting results with SCLC-based chemotherapy [7, [12] [13] [14] . Positive results were observed with SCLC regimens in an adjuvant setting encouraged to use this strategy in unresectable LCNEC [23, [26] [27] [28] .
In 2005, ROSSI et al. [12] analysed 83 pulmonary LCNEC, exploring clinical and therapeutic histories, and observed that cisplatinum-etoposide chemotherapy, a typical SCLC regimen, reported higher RR and longer survival than traditional NSCLC regimens, both in adjuvant and metastatic settings. Many studies then confirmed these results, comparing NSCLC and SCLC chemotherapy, such as the trial by SUN et al. [7] . Other trials have reported that RR and survival outcomes for LCNEC with cisplatin-based chemotherapy are comparable to SCLC, both with cisplatin-etoposide [13] [14] [15] 22] and cisplatin-irinotecan [13, 15, [29] [30] [31] [32] .
We conducted a retrospective analysis on ES-SCLC and advanced (stage IIIA-IIIB) or metastatic (stage IV) LCNEC of the lung treated with cisplatin-etoposide as first-line therapy with or without sequential TRT and PCI. Comparing the LCNEC group with the SCLC group, we generally observed similar values of RR (64.2% versus 59.1%), DCR (82.1% versus 88.6%), mPFS (7.4 versus 6.1 months) and mOS (10.4 versus 10.9 months) (table 2 and figure 1), confirming the similar clinical behaviour and outcomes for the two histologies, as reported in the literature. The survival outcomes for both LCNEC and SCLC are longer for stage III than for stage IV, with statistical significance.
Regarding the role of radiotherapy, in LS-SCLC the addition of concurrent TRT with chemotherapy improves long-term survival and is currently the standard therapy [10, [33] [34] [35] . In ES-SCLC, consolidative TRT has been found to be beneficial for selected patients who respond to chemotherapy, in terms of the reduction of symptoms, control of chest recurrences and improvement of long-term survival, on the basis of several retrospective and prospective studies [10, [17] [18] [19] 36] . In 1999, JEREMIC et al. performed a randomised study on ES-SCLC patients with a CR outside the thorax and at least a PR inside the thorax after three cycles of cisplatin-etoposide [17] . The patients were randomised between chemotherapy or TRT plus chemotherapy. The authors observed an improvement in 5 year OS in the group receiving TRT. Similar results were reported by YEE et al. in 2012 [18] . In 2015, SLOTMAN et al. [19] performed a phase III randomised trial on consolidative TRT in ES-SCLC patients (CREST trial) who responded to four to six cycles of cisplatin-etoposide followed by PCI. They showed a longer mPFS in the TRT group compared to the control group (4 versus 3 months, p=0.001) and a mOS of 8 months in both groups, but with a higher OS rate at 1 year and at 2 years in the TRT group. This study confirmed that TRT in addition to PCI should be considered for all patients with ES-SCLC who respond to chemotherapy. Other prospective and retrospective studies reported positive results with TRT in ES-SCLC in terms of survival and RR [37] [38] [39] .
The role of TRT in local or advanced LCNEC remains undefined [6, 22, 23] due to the lack of prospective studies. Only METRO et al. [22] have conducted a retrospective study on the therapeutic management of advanced LCNEC in terms of the efficacy of cisplatin-etoposide chemotherapy with or without TRT and/ or PCI compared to SCLC. The TRT was administered as a radical and palliative radiotherapy and concomitantly and sequentially to chemotherapy. They reported lower RR and DCR, mPFS (5.6 versus 8.9 months) and mOS (10.4 versus 17.6 months) for LCNEC compared to SCLC.
In our retrospective study we analysed the role of consolidative TRT in advanced LCNEC compared to ES-SCLC. Our general results on the use of TRT in HGNEC (LCNEC+SCLC) showed a statistically significant figure 2 ), and more evident for stage III than for stage IV LCNEC.
The role of PCI in LS-SCLC was established in 1999 with a meta-analysis of randomised trials, which demonstrated that PCI decreased brain metastases and increased OS in patients with LS-SCLC who have a good response to chemotherapy [40] . In 2007, SLOTMAN et al. [20] conducted a phase III trial on patients with ES-SCLC who had responded to first-line chemotherapy and were randomly assigned to receive either PCI or no PCI. They demonstrated that PCI reduced the incidence of brain metastases (cumulative risk at 1 year of 40.4% versus 14.6%, p<0.001) and improved OS at 1 year (27.1% versus 13.3%, p=0.003) compared with the control group. Preliminary results of a Japanese phase III trial [21] reported a reduced risk of developing brain metastases at 1 year (32.2% versus 58%, p<0.001), but did not show a benefit in terms of survival. Despite these contrasting results, PCI is currently recommended in ES-SCLC patients who respond to first-line chemotherapy [10, 41] .
The role of PCI in local or advanced LCNEC is still undefined [6, 22, 23] , even though advanced LCNEC are associated with a high rate of brain recurrence and the use of PCI could provide some benefit in terms of control of brain relapses and OS, as in ES-SCLC. In our retrospective analysis we studied the role of PCI in advanced LCNEC compared to ES-SCLC. Our general results on the use of PCI in HGNEC (LCNEC+SCLC) showed a statistically significant benefit in terms of overall survival (34 versus 8.6 months, p=0.0001) ( figure 1 ). Regarding SCLC, we confirmed the beneficial role of PCI in ES-SCLC in terms of mPFS and mOS, reaching statistical significance (8.6 versus 4.6 months, p=0.0001; 34 versus 8.4 months, p=0.0001, respectively), which was more evident for stage III than for stage IV SCLC. We reported higher survival results in advanced LCNEC patients receiving PCI, with just a trend towards statistical significance, both in terms of mPFS and mOS, probably due to the unbalance between the two treatment groups (20.5 versus 6.4 months, p=0.09; 33.4 versus 8.6 months, p=0.05, respectively) (table 3 and figure 3 ). The survival benefit with PCI is more evident for stage III than for stage IV LCNEC.
The main limitations of this study are its retrospective nature, the lack of selection of the population analysed, the relatively low sample size and the unbalanced numbers of patients in the different groups in terms of pathology and treatment (LCNEC/SCLC, TRT/No TRT, PCI/No PCI).
Our results, despite these limitations, showed clinical responses and survival rates in LCNEC and SCLC that are similar to those seen in the literature, confirming the similar clinico-pathological behaviour of the two histologies. Moreover, our study reported statistically significative survival results with the use of TRT and PCI, both in LCNEC and SCLC. No revisions of histologies were needed, so there were no misdiagnoses between LCNEC and SCLC.
To the best of our knowledge, our study is the first to evaluate the role of cisplatin-etoposide chemotherapy with and without TRT and PCI in advanced LCNEC, and to compare the results with those for SCLC. Our study has shown not only that LCNEC has a similar clinical behaviour to SCLC, but also that TRT in advanced LCNEC gives a statistically significant survival benefit, similar to the situation with LS-and ES-SCLC. Furthermore, PCI in advanced LCNEC gave a survival benefit similar to that in SCLC, but without reaching statistical significance, probably due to the unbalanced size of the two groups of treatment and the low number of LCNEC patients analysed.
Future phase III studies are needed to establish which chemotherapy regimen -NSCLC-based chemotherapy or SCLC-based chemotherapy -is the best option for the treatment of LCNEC.
We also believe that our results form the basis for a reasonable rationale for a larger prospective study to determine the role of TRT and PCI in LCNEC. Future trials are needed to define clinical or pathological markers in LCNEC in order to select patients who may benefit from TRT and PCI.
Conclusions
Our results suggest that advanced LCNEC should be treated in a similar manner to SCLC in terms of chemotherapy, consolidative TRT and PCI.
